The gene encoding the 13-amylase ofBacillus cereus BQ10-S1 (Spoll) was cloned into Escherichia coli JM 109. A sequenced DNA fragment of 2,001 bp contains the 13-amylase gene. The N-terminal sequences (AVNGKG MNPDYKAYLMAPLKKI), the C-terminal sequences (SHTSSW), and the amino acid sequences of the five regions in the fl-amylase molecules were determined. The mature 13-amylase contains 514 amino acid residues with a molecular mass of 57,885 Da. The amino acid sequence homology with those of known 13-amylases was 52.7% for Bacillus polymyxa, 52.0%o for Bacillus circulans, 43.4% for Clostridium thermosulfurogenes, 31.8% for Arabidopsis thaliana, 31.5% for barley, 29.9%o for sweet potato, and 28.9% for soybean. Ten wellconserved regions were found between the N terminus and the area around residue 430, but the C-terminal region of 90 residues has no similarity with those of the plant 13-amylases. The homology search revealed that this C-terminal region has homology with C-terminal regions of the 13-amylase from C. thernwsulfurogenes, some bacterial ct-amylases, cyclodextrin glucanotransferase, and glucoamylase. Some of these sequences are known as the raw-starch-binding domain. These results suggest that B. cereus 13-amylase has an extra domain which has raw-starch-binding ability and that the domain has considerable sequence homology with those of other amylases or related enzymes from a wide variety of microorganisms.
cleaves 1,4-at-D-glucosidic linkages and successively liberates 1-maltose from the nonreducing ends of starch, glycogen, and malto-oligosaccharides. It is found in various plants and some gram-positive spore-forming bacteria such as Bacillus cereus (20) (21) (22) 27) , Bacillus megaterium (5), Bacillus polymyxa (13, 19) , Bacillus circulans (28) , and Clostridium thermosulfurogenes (7) . The sequence data of 1-amylase genes not only from several plants (barley [12] , soybean [16] , sweet potato [31, 33] , and Arabidopsis species [17] ) but also from several bacteria (B. polymyxa [10, 23] , B. circulans [28] , and C. thermosulfurogenes [11] ) have been reported elsewhere.
However, the primary structure of the B. cereus 1-amy- lase has not yet been reported. Therefore, to elucidate the structure of this enzyme, we cloned the 1-amylase gene of B. cereus into Escherichia coli. We report here the complete structure of the ,B-amylase from B. cereus and a unique characteristic of this structure.
Cloning of the B. cereus 13-amylase gene. A B. cereus library was constructed in E. coli JM 109, and about 4,000 transformants were screened by colony hybridization and activity staining (11) . Colony hybridization was performed by using the polymerase chain reaction-amplified and 32p_ labeled DNA as primer. Two primers for polymerase chain reaction were prepared according to the information of internal amino acid sequences of the ,B-amylase purified from the culture of B. cereus. Seven positive clones were selected by colony hybridization, among which two, designated pXD (3.5 kbp) and pZD (6.5 kbp), showed semitransparent halos by activity staining. Subsequent investigations ensured that the 1-amylase gene is located on the 3-kbp EcoRI fragment and that there is only one Pst site in the gene.
Partial amino acid sequences of 13-amylase. The N-terminal amino acid sequence of the purified 1-amylase from B. cereus was AVNGKGMNPDYKAYLMAPLKKI. The C-terminal amino acid sequence was SHTSSW by the carboxypeptidase method (1) and TTSHTSSW by sequence analysis of the purified C-terminal peptide (8) . Each terminal sequence is marked as a dotted line in Fig. 1 . The amino acids of the six regions in the ,B-amylase molecules were sequenced (each sequence is marked by underlining in Fig.  1 ). The sequences were identical to those deduced from the nucleotide sequence of the 1-amylase gene (Fig. 1) .
Structure of B. cereus 13-amylase and its gene. The nucleotide sequence of the 2,001-bp fragment was determined by the dideoxy chain termination method described by Sanger et al. (26) (Fig. 1 ). Directed sequencing with a progressive oligonucleotide was performed. We found only one open reading frame, which started from ATG at nucleotide 190 and ended in TAA at nucleotide 1,824. The N-terminal (AVNG--) and C-terminal (-TSSW) amino acids of mature ,3-amylase were identical to those deduced from the nucleotide sequence (the N-terminal alanine and C-terminal tryptophan are marked + 1 and 514 in Fig. 1 (28) and 43.3% with C. thermosulfurogenes (11) . The amino acid sequence homologies with plant ,B-amylases were 31.8% for Arabidopsis thaliana (17), 31.5% for barley (12), 29.9% for sweet potato (31) , and 28.9% for soybean (15) . However, the amino acid sequences in 10 regions of all 3-amylases were found to be homologous (Fig. 2) .
Characteristics of the primary structure. Alignment of the amino acid sequences shows no homology between the C-terminal 90 residues of the B. cereus P-amylase and the plant 3-amylases. The sequence homology search of the C-terminal region (residues 426 to 515) revealed that this region has similarity with the C-terminal regions of the C. thermosulfurogenes ,B-amylase (11), C. thermosulfurogenes a-amylase (2), Bacillus sp. strain B1018 ot-amylase (9), Pseudomonas saccharophila G4 amylase (34), Bacillus macerans cyclodextrin glucanotransferase (30) , and Aspergillus niger glucoamylase Gl (3) (Fig. 3) . The alignment of the standard deviation unit from the random sequence in Fig. 3 was deduced according to the method of Dayhoff et al. (4) . All of the values showed a high of more than 8, indicating a significant degree of relatedness of the amino acid sequences among these regions of each enzyme. The C-terminal region of the B. cereus P-amylase showed high similarity with that of the P. saccharophila G4 amylase and B. macerans cyclodextrin glucanotransferase. These sequences of the regions have been known as the conserved sequences for rawstarch-digesting enzymes (9, 25, 29) .
Recently, the three-dimensional structure of the soybean 3-amylase has been deciphered (16) . The soybean 3-amylase is composed of a large [(Iot)8-barrel] domain, a small domain, and an additional C-terminal loop. The C-terminal loop starts at around residue 445, which corresponds to residue 421 in the B. cereus ,B-amylase. The well-conserved regions among 3-amylases correspond to the C-terminal side of the P-strands or loops in the (Ioc)8 structure of the soybean ,B-amylase. On the basis of the sequence similarity shown in Fig. 2 and 3 , it can be concluded that B. cereus ,-amylase has its own catalytic domains which correspond to the large and small domains of soybean 3-amylase and that it has a third domain which is responsible for raw-starch binding.
These results are consistent with the facts that some bacterial P-amylases have an ability to digest raw starch and that the plant 3-amylases do not have this ability (5, 6, 24, 32) . It those of other amylases or related enzymes from a wide variety of microorganisms.
